T ransjugular intrahepatic portosystemic shunt (TIPS) formation is an effective treatment for the complications of portal hypertension in both cirrhotic and noncirrhotic patients. Primarily this relates to treatment of refractory variceal hemorrhage (1) but is also used in secondary prevention of variceal hemorrhage, and to treat refractory ascites, Budd-Chiari syndrome, hepatic hydrothorax (2) , and occasionally as a therapy for portal vein thrombosis (3) .
The most technically demanding and usually the limiting step of the procedure is the portal vein (PV) puncture (4) . This is associated with a number of potential complications including capsular laceration during wedged venography (5) , gallbladder puncture, intra-abdominal hemorrhage following extrahepatic puncture of the main portal vein (6) or transcapsular puncture. A variety of techniques have been described for PV access. Early TIPS used the target of a Dormia basket in the right PV that had been inserted percutaneously (7) . As knowledge of the procedure and relevant anatomical considerations increased (8) , "blind" fluoroscopic guidance of the needle was widely used. A wide range of techniques have emerged to guide PV puncture (9) including wedged venography with carbon dioxide or contrast (4), the latter with success rates of approximately 90% (9) . Other methods include arterial portography, the "gun-sight" technique (10) , hybrid magnetic resonance imaging (MRI) and fluoroscopy (11) , cone beam computed tomography (CT) (12) , and intravascular ultrasound (13) . Transabdominal ultrasound guidance offers a noninvasive method, which has infrequently been reported in the literature (14) (15) (16) (17) , and despite its advantages is not widely used in Europe (4) .
TIPS is one of the most complex interventional radiology procedures with prolonged fluoroscopy times and numerous cases of radiation-induced skin injury (18) (19) (20) . Studies have also demonstrated high operator doses (21) . In a series of 18 cases reported by Hidajat et al. (21) , fluoroscopy time was 77.8±66.3 min and dose area product (or kerma area product) (DAP) was 446±280 Gy·cm 2 , although no details were given about the mode of guidance for PV puncture. (23) .
We describe the experience from our institution where TIPS has been performed using transabdominal ultrasound-guidance to direct the PV puncture since March 2011, recording the impact on fluoroscopy times and radiation doses with comparison to published DRLs.
Methods
All TIPS procedures performed in our institution between March 19, 2011 and March 19, 2015 were retrospectively reviewed from the picture archiving and communication system (PACS) and radiology information system (RIS) and indication for TIPS, fluoroscopy time, DAP (Gy·cm 2 ) and skin dose (mGy) were recorded; with the dosimetry details acquired from the integrated dosimetry within the fluoroscopy machine. The research was performed according to the World Medical Association Declaration of Helsinki. Ethical approval was not deemed necessary, as this was a retrospective review of established practice in our institution. No specific informed consent was obtained as this was a retrospective analysis of a previously compiled anonymized database.
Patients
A total of 212 procedures were performed. The indications for creation of TIPS are listed in Table 1 . In two patients TIPS could not be performed due to occluded hepatic veins. No other significant intraprocedural complication occurred. Fluoroscopy data was obtained for 206. All patients referred for TIPS underwent ultrasound-guided portal vein access irrespective of their BMI.
Procedure
All procedures were performed under general anesthesia by five faculty level radiologists as the primary operator. All faculty level radiologists had more than ten years experience in interventional radiology. A 10 F sheath was inserted into the jugular vein (right, unless occluded) and the hepatic vein (usually right, although middle was also used) was cannulated using a 5 F Cobra catheter. A Rösch-Uchida transjugular liver access set (Cook Medical) was then introduced. At this stage the sonographer (radiology registrar or consultant) assumed their position adjacent to the patient's right side, with the screen of the ultrasound machine (MicroMaxx, SonoSite or Sparq, Philips Healthcare) placed obliquely in relation to the patient such that both the operator and sonographer were able to see it clearly. A 3-5 MHz curvilinear abdominal probe was used. An oblique intercostal approach was used for insonation, usually between the 9 th and 11 th ribs depending on liver size, with small movements allowing for change of target from right hepatic vein to right portal vein. The Rösch-Uchida needle was extended via the sheath through the hepatic vein wall and directly visualized as it passed through the liver parenchyma, towards the right portal vein ( Fig.) . Color Doppler was used as required but B-mode usually sufficed for navigation. The operator could agitate the needle tip to aid visualization by ultrasound. The sonographer would provide verbal feedback relating to which direction the probe was moving to visualize the target vessels. The operator was then able to alter the degree of torque on the access set or position within the he-
Main points
• Using transabdominal ultrasound to guide during transjugular intrahepatic portosystemic shunt (TIPS) formation results in less fluoroscopy time than published dose reference levels (DRLs).
• Using transabdominal ultrasound to guide TIPS formation leads to lower radiation doses to the patient than published DRLs.
• These reductions in dose may have beneficial effects in reducing patient and operator dose in what is one of the most complex and high dose interventional radiology procedures. patic vein to enable PV puncture. If required the degree of angulation of the access set was altered to achieve PV access. Care was taken not to introduce air during access set or needle exchange as this significantly degrades the ultrasound image. Once access had been obtained into the right PV under direct ultrasound visualization, blood was aspirated via the catheter and direct portography was performed. Once a suitable position was confirmed, the TIPS technique progressed as previously described (25) with balloon dilatation of the track and deployment of VIATORR stent(s) (W.L. Gore & Associates).
Fluoroscopy
An Artis Zee fluoroscopy system (Siemens) with large flat panel detector was used for fluoroscopy, pulsed at 3 frames per second. Active coning was used at all times by the radiographer to minimize the field of view. Limited digital subtraction angiography (DSA) runs were performed as required, which ranged from a total time of five to 93 seconds (2 frames per second) with a mean of 35 seconds.
Results
In our retrospective study of 206 TIPS procedures, the mean fluoroscopy time was 12 min 9 s (SD, 14 Fluoroscopy times and doses were lower than RAD-IR DRLs as shown in Table 2 . Median values for fluoroscopy time, DAP, and skin dose are shown compared with median values from the RAD-IR data in Table 2 .
Discussion
Our results show that transabdominal ultrasound-guided PV puncture during TIPS leads to shorter fluoroscopy times and lower patient dose, when compared with the published reference levels. Alongside the potential radiation dose benefits, direct visualization of the needle tip reduces likelihood of complications during PV puncture (6) and also allows a puncture site that will provide a good angle for the TIPS tract to be selected (9) . No significant procedure-related complications occurred.
Alongside the "clockface" or "blind" fluoroscopic approach, wedged venography with both carbon dioxide and contrast has emerged as the favored technique in many centers (4) . This is the technique we used prior to the introduction of transabdominal ultrasound. Although good images of the portal vein are produced, it has a number of limitations: only a two-dimensional image is generated and lateral imaging may be required, the anatomy becomes distorted when a large sheath is inserted, and DSA runs are required (i.e., higher dose). Additionally, complications can occur from this technique such as hepatic laceration and subcapsular hemorrhage (5, 9) . Arterial portography is another method of navigation, which requires intra-arterial injection of contrast, although visualization of the PV can be suboptimal, particularly if there is hepatofugal PV flow (26) . With the aforementioned methods, multiple needle passes are often required, increasing the length of fluoroscopy and the likelihood of inadvertent iatrogenic injury to local biliary, arterial, or capsular structures (2) . Percutaneous methods of accessing or guiding the PV puncture have also been described (10), although these are not without risk as patients requiring TIPS are often coagulopathic.
More recent reports have outlined successful use of other techniques such as MRI guidance, which necessitates an open MRI scanner with co-located hybrid fluoroscopy (11) and use of intravascular ultrasound (mainly described in direct portocaval shunts rather than from the hepatic vein) (12) . These methods require expensive equipment. In contrast, our approach does not require any additional investment as ultrasound capabilities are usually integrated in an angiography suite.
Entrance skin dose and effective dose are calculated indirectly utilizing surrogate measures to calculate dose, as with most commercial fluoroscopy systems, including our study. Although duration of fluoroscopy is the easiest dose parameter to measure, it is of little value when attempting to infer dose, as huge variations in patient and operator dose can occur due in complex procedures (27) . DAP corresponds to the integral of air kerma across the entire x-ray beam emitted from the x-ray tube (28) and can act as a surrogate marker for dose to the patient's skin (22, 29) . Skin dose is an approximation of the total radiation dose to the skin. As the reference point from which this value is derived is not directly on the skin, this may tend to overestimate the probability of skin effects, given that the source moves in relation to the skin (30) . Notably, neither DAP nor skin dose account for backscatter from the patient, which can generate substantial variation from the actual skin dose. There is an increasing drive to reduce radiation doses, both from within the specialty and from healthcare and governmental bodies (31) , with recent United States legislation aiming to link a proportion of reimbursement to the use of modern low dose equipment (32) . This is particularly relevant as patients are being irradiated more frequently as the volume and indication for ionizing radiation-based imaging and interventions increases. Furthermore, as TIPS has shown its value in a number of conditions outside the initial indication of refractory variceal hemorrhage, more procedures are being undertaken. These tend to be concentrated in specialized centers, meaning those operators working there are more frequently performing them. Thus, increased scrutiny needs to be placed on the effective doses delivered to radiologists and methods to minimize this where possible (33) .
We aim to follow the guidelines for dose reduction outlined by Miller et al. (30, 34) and use: collimation, optimized patient position in relation to the tube and detector, pulsed rather than continuous fluoroscopy with as low frame rate as possible, as few fluorographic DSA runs as possible, and image hold techniques where possible.
SIR-CIRSE guidelines suggest that patients should be followed up if dose parameters for any interventional radiology procedure exclude certain limits (fluoroscopy time >60 min, DAP 50 Gy·cm 2 and cumulative dose 5000 mGy), advocating asking patients to self-examine the area irradiated two weeks postprocedure for evidence of skin changes and to seek medical advice. Notably these levels are similar to two of the DRLs outlined in RAD-IR. We feel this is prudent as TIPS remains a complex, challenging procedure and high doses do occur despite recent advances.
Our method of ultrasound guidance requires an additional radiologist to be present during the procedure, which has implications for departmental rostering. However, this is only necessary during the PV puncture from the hepatic vein, which in our center takes a mean of 27 min and median of 12 min (unpublished data). In addition this technique allows trainee interventional radiologists to learn the TIPS procedure.
There is a learning curve for the sonographer and anecdotally it is easier to perform this role when one has experience of performing TIPS oneself. Nonetheless we have had numerous situations where the sonographer was a junior radiologist and the procedure has been performed uneventfully. Other groups have described use of the ultrasound-guided portosystemic shunts: Livingstone outlined 19 cases (mainly caval-PV shunts) where the mean DAP was 63.9 Gy·cm 2 and mean fluoroscopy time 19 min 12 s (16). More recently, Miraglia et al. (17) compared radiation dose from ultrasound-guided TIPS using flat panel detectors and image intensifier systems to fluoroscopic needle guidance for the PV puncture: DAP and fluoroscopy times were lower for ultrasound-guidance versus fluoroscopy. Notably the mean DAP of the US-guidance with flat panel system (i.e., similar to our system) was 129 Gy·cm 2 , three times higher than our series. Similarly, more fluoroscopy time was required (mean over 19 min); however, this maybe due to the difference between the flat panel system used, whereby we used a lower pulse rate of 3 frames per second compared with 7.5 frames per second in the series reported by Miraglia et al. (17) .
In one of our cases, ultrasound-guided navigation was impossible since the liver was very fatty and therefore highly echogenic. Despite the majority of our patients being cirrhotic, often with shrunken irregular livers, there were few problems obtaining satisfactory images of the required anatomy (hepatic vein and right PV), and no problems for real-time guidance of the needle tip through the liver parenchyma. This included cases with portal vein thrombosis. However, the increasing prevalence of obesity and nonalcoholic fatty liver disease may impact the utility of ultrasound. It is pertinent to note that we used the Rösch-Uchida set whereas the only large cohort of TIPS performed with real-time ultrasound guidance for PV targeting was performed with the Colapinto needle (17) . Therefore, real-time ultrasound guidance is feasible with both systems currently available for TIPS creation.
We have shown that our fluoroscopy time is almost one-third that of the RAD-IR study (23) . The dose reduction with our technique is more significant: our mean DAP measurements is 14% of the RAD-IR study and skin dose is 16%. That this is proportionally a greater reduction than the fluoroscopy time is in part due to newer equipment and factors such as care positioning and pulsed as opposed to continuous fluoroscopy. The RAD-IR study was performed in 1999-2002 across a number of centers and it is notable how fluoroscopy technology and techniques have improved significantly over the last 15 years. In addition, older wedged venography techniques required more DSA, as well as a greater number of oblique and lateral projections, which increased dose.
Although the RAD-IR data are the only published DRLs for TIPS, there are some limitations with them. As the data is from over 10 years ago, there have been significant improvements in fluoroscopy equipment in the interim. All data were obtained from academic teaching hospitals which could potentially skew the dosimetry data in either direction: trainees performing procedures tend to take longer and require more fluoroscopy due to inexperience and unfamiliarity (35) , and these centers tend to be regional referral centers and see more complex cases; conversely, the operators in these centers tend to be more experienced and may require less fluoroscopy. Notably our institution is also a tertiary referral center so assumptions in this regard are equally applicable to our results. Finally the dose data were not adjusted for body habitus, but rather a standardized weight, which may introduce inaccuracy due to the increasingly prevalence of obesity, which can increase doses substantially (30) .
In conclusion, we have shown that transabdominal ultrasound-guidance of PV puncture during TIPS generates substantially lower doses than published DRLs.
